comet hazard (Ticha et al. 2009 ). The near-Earth asteroids (NEAs) are asteroids with the perihelion distance less than 1.3AU. Potentially hazardous asteroids (PHAs) are NEAs that have the minimum orbit intersection distances (MOID) with the earth are less than 0.05AU and have the absolute magnitude H < 22.0 mag (Gronchi 2005; Perna et al. 2013) , Continuous optical and radar observations are needed for accurate orbit determination and physical characterisation, and the special attention to their orbit monitoring is required (Nedelcu et al. 2010; Bancelin et al. 2012) . The NEA population compared with all other asteroid populations have shorter periods, making it a as reliable set of dynamical reference frame representatives.
Optical data together with radar data can be used in constraining NEA dynamics and possibly revealing more subtle, non-gravitational effects such as the YarKovsky effect (Nedelcu et al. 2010) . Several national and international observational efforts have been done to detect undiscovered NEOs and especially PHAs, to determine their orbital properties and impact probabilities, and to investigate their physical nature (Perna et al. 2013) . Astrometric follow-up is also essential for targets of future radar observation, space mission and other observing campaigns. Gaia Follow Up Network for Solar System Objects (Gaia-Fun-SSO) was established to coordinate astrometric follow-up observations (Thuillot 2011 ).
Many accurate astrometric observations are very useful for various purposes. In order to obtain accurate observations, some fundamental strategies are very important and should be complied with. For Near-Earth object, due to the high motion velocity, we require a quick readout but well time-recording CCD camera to obtain good quality images. For all of the astrometric observation, we used the 2 * 2 pixels binning mode to reduce the read-out time and readout noise. We estimated the accuracy of time-recording and its effect on the astrometry results of NEAs. A reference star catalogue is a key to derive the precise and accurate positions of NEAs, so we chose the newest and most precise star catalogue Gaia DR2 (Prusti et al. 2016; Brown et al. 2018) as our reference star catalogue. We have observed three NEAs, 2017 VR12, (1981 Midas and (3752) Camillo using the Yunnan observatory 1-m telescope in March 2018. In Section 2, the details of observation are described. In section 3, we present the methods used to measure the positions of three NEOs and estimated some important errors. In section 4, we show the astrometric results and give some discussion. We also made some comparisons with the historical observations. Finally, we draw some conclusions in section 5.
OBSERVATIONS
All the observations were made by Yunnan Observatory 1m telescope with the primary mirror of 1000mm diameter and 13300mm equivalent focal length. More details of the telescope and CCD detector are shown in Table 1 . The site (i.e. IAU code 286) is located at longitude E202.788
• , latitude N25.0294
• . All of the observations are made by using the 2 * 2 pixels binning mode.
The Near-Earth asteroid 2017 VR12, and Midas were identified as PHAs. 2017 VR12 is a sub-kilometer asteroid with a somewhat elongated and angular shape, and a diameter of about 160 meters This V-type asteroid has a rotation period of approximate 1.5 hours. More details are described in Table 2 .
The observational sets of three NEAs are given in Table 3 . In the first night, all the observation were made with C filter. In the second night, a part of the observation were made by I filter. For each of these The flat-field and bias images were taken at the beginning of the observation. To reduce the read-out noise and read-out time, all of the observations were made by using the 2*2 pixels binning mode.
In the observing periods of two days, the seeing in Yunnan Observatory is about 1.5∼2.5 arcsec. All of the images for three asteroids were corrected by bias and flat-field images, then the positions were measured with the software Astrometrica http://www.astrometrica.at/. In astrometric data reduction command, PSF fitting model method and centroid method were used to determine the center positions for the asteroids and reference stars. To improve matching and processing speed, we selected the stars brighter than 18 magnitude from the Gaia DR2 catalog as our reference stars. The reference stars are from the newest Gaia DR2 star catalogue (Lindegren et al. 2018 )which contains 1.7 billion star positions data, and the median uncertainty in parallax and position at the reference epoch J2015.5 is about 0.04mas for bright(G <14 mag) sources, 0.1mas at G = 17 mag and 0.7mas at G = 20mag. The measurement processes refer to the previous work (Qiao et al. 2011 (Qiao et al. , 2008 .
For small field CCD, we usually require no more than a linear fit. Using fits of a higher order always decreases the residuals for the reference stars, unless the variation of the quadratic and cubic terms from one image to the nest is significantly smaller than the value of these coefficients, a linear solution is probably an accurate representation of the true plate constants compared to a high order fit. Furthermore, it is noted that a reliable determination of higher orders in the plate constants is possible if there are many dozens of reference stars available for the solution (http://www.astrometrica.at/). In addition, when the number of reference stars is just enough available for the solution of a high order plate constants due to the poor quality centering of some stars, an over-fitting situation may occur, to cause a greater deviation from the true plate constants. Therefore, for the images with more than 12 reference stars, we choose the quadratic fit plate model to calibrate the CCD field, and for the rest, we choose the liner fit model.
Astronomical effects, such as the solar phase angle effect are considered. In the case of phase correction, the phase angles and apparent radius are listed in the Table 2 . According to (Lindegren 1977) , a solar phase angle with a light scattering in its surface causes an offset in its positions, described as Equations 1, where i is the solar phase angle, r is the apparent radius of the object, Q is the position angle of the sub-solar point in the tangential plane and C is a parameter related to the reflectance model adopted. For spherical object, the value of C is about to 0.75.
The shape of these three NEOs has a serious deviation from a perfect sphere, so the exact phase correction cannot be obtained. But we can estimate the phase corrections which are smaller than few milliarcsecond.
In view of the small CCD field of view, We chose the topocentric astrometric positions to compare the observational ones with ephemeris ones. Considering the influence of atmospheric refraction and aberration, we should try to avoid the use of astrometric positions and replace by the apparent positions to obtain more accurate astrometric positions in the future work.
We also estimate the errors of time-recording. A well time-recording CCD camera is important to obtain accurate observation. The time of the telescope control system is synchronized with the GPS, but the time to the system error, especially for the target with high apparent motion speed. We manually controlled the time error within 1 second during the observation. This error may bring great system error for the high motion speed objects, especially for the 2017VR12, more discussion will be given in the section 4.
A quick-moving asteroid has a trailing image (as seen from Fig.? ?), we adopted the PSF model and centroid centring method to compare the effects of non-Gaussian images on the astrometric result.
RESULTS AND DISCUSSION
We divided the observations into several groups to compare the effects of different exposures and filters on the astrometric results. We also compared the observed positions of three asteroids using INPOP13C
planetary ephemeris from IMCCE http://www.imcce.fr/ and DE431 from JPL http://ssd.jpl.nasa.gov/.
2017 VR12
We give the statistics of astrometric results for 2017 VR12 in Table 4 and Table 5 indicates that the observation was made on March 05, 2018; 'C8' indicates that the filter is C filter (i.e. The results of 2017 VR12 are inferior to those of Camillo and Midas, one of the reasons is the high apparent motion speed. The images of 2017 VR12 were seriously distorted because of trailing, shown in Figure 1 , especially in the declination direction. The distorted images lead to the inaccuracy of the centering, thus the dispersion of (O-C) residuals is larger. For the positioning precision, 4 seconds exposure time is better than 8 seconds. As seen in Table 2 the velocity component in the declination direction is larger than that in the right ascension direction, so the dispersion in declination direction is larger. We adopted PSF model and centroid method to compare the effects of non-Gaussian images on the astrometric result. It can be seen that the astrometric results based on the centroid method have a smaller dispersion, especially when the exposure time set as 8s and the image degrades badly. But the results based on the PSF model are better agreement with JPL ephemeris. The two centering methods show significant system differences. The timing system of image acquisition should be noted, the time of the telescope control system is synchronized with the GPS, but the time to control the CCD detector exposure was determined artificially. The unreliability of timing system may bring the system error for mean (O-C), especially for quickly moving objects. Finally, the asteroid may be perturbed by the earth when it approaches earth too closely, and the ephemeris is not To compare our observations with other ones, we also list some history observation results of other sites(http://www.minorplanetcenter.net/). Table 6 lists some typical residuals of the observations. It can be seen that all of the observations do not agree well with the ephemerides. The most likely reason is the lack of high-precision observational data, which limit the precision of ephemerides. The degraded image could 
Camillo
As shown in Figure 6 , Figure 7 , and Table 7 , we compared the (O-C) residuals of Camillo by using different ephemerides. The mean value of (O-C) in right ascension and declination for Camillo are -0.014 ′′ and 0.035 ′′ compared with JPL ephemeris, 0.088 ′′ and -0.111 ′′ compared with IMCCE ephemeris. The dispersions of our observations are estimated to be about 0.048 ′′ and 0.051 ′′ in right ascension and declination.
We can see that two ephemerides show a good agreement, especially in right ascension. It seems that the ephemeris DE431 of JPL has a better precision than the ephemeris INPOP13C in right ascension direction.
In addition, the results of Camillo are better than those of 2017 VR12, one of the reasons is that Camilos images have sufficient reference stars. The reference stars in the Camilos images are more than 30 stars, but only 6-12 reference stars in the 2017VR12s images and 6-10 reference stars in the Midas's images are used.
Midas
In Figure 8 , Figure 9 , and Table 8, 
The estimation of the time-recording error
A well time-recording CCD camera is important to obtain accurate observation, especially for fast moving objects. As the target 2017VR12, if the timing system has 1 second system error, it will bring 0.7 ′′ system error to the utmost in the declination direction in this observational campaign. We made some attempts The error-bar are set as
, where SD is the standard deviation of < O − C >, and m is the number of observation.
As seen in Figure 10 , the time deviations have no consistency in right ascension and declination, especially for 2017VR12 and midas. The difference could mainly be from the astrometric reduction and the accuracy of ephemeris, rather than the time-recording system. As seen in Table 2 , the target 2017VR12 has the fastest motion speed in the declination direction(red circles in Figure 10 ), but it has good consistency, and roughly equals to 1.2 second.
CONCLUSIONS
We have presented the results of our astrometric CCD observations of three asteroids using the 1-m telescope at Yunnan Observatory. During the reduction, the Gaia DR2 star catalogue was used to match the of CCD images. The ephemerides of INPOP13C from IMCCE and DE431 from JPL show inconsistence for the asteroid 2017 VR12. We find that the difference between two ephemerides is about 3 ′′ in the right ascension direction for the asteroid 2017VR 12. We adopted two centering methods, and found that the centroid method can conspicuously reduce the dispersion of the non-Gaussian images compared with the PSF model method. The observations of Camillo and Midas are consistent based on two ephemerides,especially for Camillo, the mean (O-C) residuals and standard deviations are under 0.05 ′′ . To derive more accurate astrometric data of Near-Earth objects, especially fast moving objects, we should use the precise timing system during the observation, and consider the geometric distortion of CCD images in the processing of astrometric positions. In addition, some astrometrical effects should be considered carefully.
